Previously, we reported 5 that aromatization of Ugi/IMDA products related to 1, aimed at 3-oxoisoindolines, was less straightforward. In strong acidic medium at high temperatures (typical conditions for dehydrative aromatization of 7-oxabicyclo[2.2.1]hept-2-enes 6 ), an unexpected rearrangement was observed, while the desired aromatization could be achieved in one case with catalytic BF 3 ·OEt 2 under microwave irradiation (Scheme 2). This approach, however, suffered from limited scope and therefore we have sought to develop an alternative and, preferably, more chemically benign (in view of functional group tolerance) strategy based on the Ugi/IMDA/aromatization sequence.
Among five-membered aromatic heterocycles, thiophene is known to be least reactive as a diene. 7 Its two oxidized forms -thiophene-S-oxide and thiophene-S,S-dioxide -are more reactive dienes; the latter, however, often requires additional activation. 8 Thiophene-S-oxide can be regarded as an intermediate en route to thiophene-S,S-dioxide and is not isolable, unless special precautions (such as carefully controlled reaction temperature 9 or stabilization of the monoxide form toward further oxidation by Lewis acid additives 10 ) are taken.
As a highly reactive species, thiophene-S-oxide can be trapped if the thiophene oxidation is performed in the presence of a dienophile. 11 The resulting adduct 3 cannot be aromatized efficiently and requires further chemical (e.g., KMnO 4 , under PTC conditions; m-CPBA 12 ) or electrochemical 13 oxidation into 4; the latter aromatizes via extrusion of sulfur dioxide (followed by another two-electron oxidation) to give 5 (Scheme 3). Progression of the thiophene species through the oxidative cycloaddition will be hampered if the oxidation and the dienophile trapping of thiophene-S-oxide are in competition [i. e. if k 1 (DA) ≈ k 2 (ox)]: once formed, thiophene-S,S-dioxide is essentially lost to the Diels-Alder reaction, unless additional activation is applied (vide supra). We reasoned that for an energetically favored (compared to an intermolecular process) intramolecular cycloaddition, k 1 (DA) would be increased and a suitable precursor (containing both a thiophene moiety and an electron-deficient olefin) would be effectively progressed through the oxidative cycloaddition route.
Two series of thiophene-containing precursors 6 and 7 were synthesized via the Ugi reaction in methanol from either 5-methylthiophene-2-carboxaldehyde or 2-aminomethylthiophene, respectively. Without further purification, 14 the crude product 6 or 7 was treated with excess (6-7 equiv.) of m-chloroperbenzoic acid (m-CPBA) in CH 2 Cl 2 at room temperature. After 24 hours, the Ugi dipeptoids 6 or 7 were no longer present in the reaction mixture, as was evident from LC-MS analysis, and the main product peak in each case displayed an m/z value corresponding to the 3-oxoisoindolines 8 or 9, respectively (Scheme 4), along with a number of unidentified by-products. Following aqueous work-up of the reaction mixture (involving quenching of unreacted m-CPBA with Na 2 SO 3 solution), the 3-oxoisoindolines 8 and 9 were isolated in fair overall yields (from the Ugi reaction precursors) using flash column chromatography (Table 1) . Alternative oxidants (such as Oxone ® , biphasic conditions, or peracetic acid) were also found to trigger the cycloaddition, albeit leading to much lower (<10%) yields of the target 3-oxoisoindolines.
Notably, despite the relatively low chemical yield, no unreactive (with respect to IMDA) thiophene-S,S-dioxides 10 or 11 ( Figure 1 ) were detected by LC-MS analysis in the crude reaction mixture following the oxidative cycloaddition step. This, in our view, exemplified the fundamental correctness of the reasoning used in the reaction design. From a mechanistic perspective, the transformation of 6 and 7 into 8 and 9, respectively, is thought to include Soxidation/IMDA/S-oxidation/SO 2 extrusion/aromatization events (Scheme 3).
The described assembly of two skeletally diverse series of 3-oxoisoindolines involves two (1 equiv.) was added followed by a carboxylic acid (1 equiv.) and stirring was continued for 18-24 h. In most cases (except 6d and 7c-e) the product precipitated from the reaction mixture and was separated (at least 85% pure) by filtration. Otherwise, the mixture was concentrated, the residue dissolved in CH 2 Cl 2 (50 mL) and washed with 10% aq. HCl (50 mL), 10% aq. NaHCO 3 (50 mL) and H 2 O (2x25 mL). The organic layer was dried over anhydrous MgSO 4 , filtered and concentrated to provide the crude Ugi reaction product (at least 80% pure). This material was dissolved in CH 2 Cl 2 (40 mL), treated with m-CPBA (7-8 equiv.) and stirred at r.t. for 24 h.
Concentrated aq. Na 2 SO 3 (10 equiv.) was added and the resulting biphasic mixture was stirred vigorously for 1 h. The aqueous layer was separated and the organic layer washed with sat. aq.
NaHCO 3 (3 x 20 mL), to ensure complete removal of m-CPBA, and with H 2 O (25 mL). Drying over anhydrous MgSO 4 , filtration, and evaporation of the solvent afforded the crude product.
The target 3-oxoisoindolines were isolated by flash column chromatography on silica using an appropriate gradient of EtOAc in hexanes as eluent. 
